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(57) ABSTRACT 

A method of making a ?brous structural member including 
?rst, second, third and fourth portions, including folding ?rst 
and second portions including continuous ?laments about a 
?rst common fold such that the ?rst and second portions are 
adjacent and substantially parallel to each other, folding a 
third portion about a second fold common With the ?rst por 
tion such that the third portion extends from the ?rst and 
second portions at an angle thereto, and folding a fourth 
portion about a third fold common With the third portion such 
that the fourth portion is adjacent and substantially parallel to 
the third portion. 

28 Claims, 17 Drawing Sheets 
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METHOD OF MAKING STRUCTURAL 
MEMBERS 

This is a national phase application of International Appli 
cation PCT/GB04/000157,?led Jan. 19, 2004,and claims pri 
ority to United Kingdom Patent Application No. 03024429, 
?led Feb. 4, 2003 and United Kingdom Patent Application 
No. 03118643, ?led May 22, 2003. The present invention 
relates to a method of making a structural member and a 
structural member. The present invention is particularly, 
although not exclusively, applicable to aeronautical structural 
members and a method of making such members. 

It is knoWn to provide a cross joint for use in aircraft. These 
have four vertical faces extending from a central point at 0°, 
90°, 180 and 270° to each other. These form a “star” or 
“cruciform” shape. To make the structure, carbon ?bre mate 
rial is cut into sheets of the appropriate shapes. Then each 
layer is bent at right angles to form part of tWo adjacent faces. 
The shaped and bent material is placed in a mould and car 
bonised. Cutting the shapes is time consuming and requires 
great accuracy. Laying the shapes up is also time consuming 
and skilful. In this respect it Will be appreciated that a mini 
mum of four pieces must be cut to be bent into the four comers 
and then be carefully placed in the mould. 

It is an object of the present invention to overcome at least 
one of the above or other disadvantages. 

According to a ?rst aspect of the present invention a 
method of making a structural member comprises folding at 
least ?rst and second integral portions Whereby the portions 
lie adjacent to each other. 

The method may comprise folding the ?rst and second 
portions about a ?rst, common fold. 

The ?rst and second portions may be folded to lie adjacent 
to each other in generally parallel Walls. 

The angle change undergone about the ?rst fold may be 
greater than 0° or less than 180° and in the region of 90°. 

The method may comprise folding the ?rst and second 
portions to lie against each other. 

The method may comprise folding at least a third portion to 
extend from the ?rst and second portions at an angle thereto 
such as perpendicular thereto. The method may comprise 
folding the third portion about a second fold common With the 
?rst portion. The second fold may be arranged to move 
through less than 180° and in the region of 90°. 

The line of the ?rst fold may be made at an angle to the line 
of the second fold such as more than 0° or less than 90° or in 
the region of 45°. 

The method may comprise folding a fourth portion about a 
third fold, Which third fold may be common With the third 
portion, such that the fourth portion lies adjacent to the third 
portion. The third portion and the fourth portion may be 
folded to lie against each other. The third fold may be more 
than 0° or less than 180° or in the region of 90°. The third fold 
may be at an angle to the second fold and may be more than 
0° and less than 90° or in the region of 45°. 

The method may comprise folding the ?rst, second, third 
and fourth portions to form a structural member having Walls 
having at least a partial extent in the x, y and Z axes such as by 
Walls extending in the exact direction of those axes. 

The method may comprise folding a ?fth and sixth portion 
With or Without there being any third and fourth portions. The 
folding may result in the ?fth and sixth portions being adja 
cent to each other such as by contacting each other. The 
folding of the ?fth and sixth portions may be about a fourth 
fold common With those portions. The angle of the fourth fold 
may be greater than 0° or less than 180° or in the region of 90°. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
The method may comprise making the angle of the fourth fold 
With respect to the ?rst foldto be less than 180° or greater than 
0° or in the region of 90°. 
The method may comprise folding the ?fth portion to be in 

generally the same plane as the ?rst portion. 
The method may comprise folding the sixth portion to be 

generally in the same plane as the second portion. 
When the third and fourth portions are present the method 

may comprise folding the fourth and ?fth portions about a 
?fth fold Which ?fth fold may be less than 180° or more than 
0° or in the region of 90°. 

With the third and fourth portion present and With or With 
out the ?fth and sixth portions, the method may comprise 
folding seventh and eighth portions about a sixth fold to be 
adjacent to each other such as by contacting each other. 
The seventh and eighth portions may extend in generally 

the same direction, such as in the same plane, as the fourth and 
third portions. 
One end of the ?rst and second portions and the one end of 

the ?fth and sixth portions may be in the same general region 
and may substantially meet in that region. One end of the third 
and fourth portions and the seventh and eighth portions may 
be in the same general region and may generally meet in that 
region. 
The method may comprise folding a ninth portion or por 

tions, With or Without any of the third to eight portions 
attached to any one or more of the ?rst to eighth portions 
(When any one or more of the third to eighth portions are 
present) about a seventh fold common With the ?rst portion or 
a different ninth portion common With the second portion or 
both Which fold may be greater than 0° or in the region of 180° 
or less than 1800 or in the region of 90°. At least tWo ninth 
portions may overlap each other and may so overlap over their 
complete extent and may extend in generally the same direc 
tion such as a curve or a plane. The or each ninth portion may 
extend at an angle to the horiZontal over at least part of their 
extent When the ?rst and second portions extend vertically. At 
least tWo ninth portions may form a plane. The plane may be 
inclined doWnWardly or upWardly from the ?rst and second 
portions and may be perpendicular to the ?rst and second 
portions. Alternatively, the plane may be at an angle other 
than 90° to the ?rst and second positions. The method may 
comprise folding a tenth portion With or Without any of the 
third to ninth portions about an eighth fold common With the 
?rst portion or a different tenth portion common With the 
second portion or both Which eighth fold may be greater than 
0° or less than 180° or in the region of 90°. The seventh and 
eighth folds When on a common ?rst or second portion may be 
parallel to each other. The seventh or eighth fold or both When 
common With the ?rst portion, may extend to the second fold, 
When the second fold is present and, alternatively or addition 
ally either or both may extend to the ?rst fold. If any of the 
third to eighth portions are present the method may include 
folding a portion extending from any or all of those portions 
about a fold having the same relative properties as the seventh 
fold With respect to the angle that the portion extends from. 
Alternatively or additionally, if any of the third to eighth 
portions are present, any or all may include a portion extend 
ing there from about a fold having the same properties as the 
eighth fold. When tWo tenth portions are present they may 
overlap each other over at least, or only, along part of their 
coextent. When tWo tenth portions are in the same general 
plane but at an angle to each other, at least one and preferably 
both tenth portions may include a part Which extends at least 
partly across that angle. 

At least one ninth portion and at least one tenth portion may 
be formed to be spaced from each other and they may extend 
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in planes Which may be parallel. Alternatively they may be 
curved and may have the same curvature. At least one ninth 
and one tenth portion may be formed to face each other over 
at least part of their co-extent. At least one ninth portion and 
one tenth portion may be perpendicular to each other. 

The method may comprise folding adjacent portions 
formed by a fold having the properties of the seventh fold to 
be adjacent to each other such as by contacting each other 
Which portions may be completely co-extensive With each 
other. Alternatively or additionally the method may comprise 
folding adjacent portions formed by folding about an eighth 
fold to be adjacent to each other such as by contacting each 
other and Which may be completely co-extensive With each 
other. 
When forming the tenth portion or portions, With or With 

out the third to ninth portions, the method may comprise 
forming the tenth portion or portions to extend substantially 
the same distance from the eighth fold along substantially its 
complete length. Alternatively, the tenth fold may de?ne a 
portion of decreasing distance from the eighth fold in one 
direction along the eighth fold Which decreasing distance 
may result in the portion formed by the eighth fold reaching 
the end of the eighth fold. 

At least one tenth portion may be folded through 180° 
about its common fold With another portion to lie adjacent to 
that other portion Which may result in contacting of those 
portions. 
Any or all of the ?rst and second or the third and fourth or 

the ?fth and sixth or the seventh and eighth portions may be 
co-extensive With each other such as over part of that co 
extent or over the complete extent of each portion. The fourth 
and ?fth portions may be connected to each other. The sixth 
and seventh portions may be connected to each other. 

The ?rst portion may be co-extensive With the second 
portion over the complete extent of the ?rst portion but only 
part of the co-extent of the second portion such as 50% of the 
second portion. 
The ?fth portion may be co-extensive With the second 

portion over the complete extent of the ?fth portion but only 
part of the second portion such as 50% of the second portion. 

The sixth and second portions may be co-extensive With 
each other over their complete co-extent and may contact 
each other. 
One of the sixth or second portions may be adjacent to the 

?rst and ?fth portions and may contact those portions, for 
instance about their complete co-extent. 

In an alternative method, the seventh and eighth portions 
are folded about the sixth and second portions respectively to 
lie adjacent to each other and preferably to contact each other. 
The seventh and eighth portions may be located betWeen the 
fourth and third portions. The seventh portion may contact the 
third portion and, alternatively or additionally, the eighth 
portion may contact the third portion. The third, fourth, sev 
enth and eighth portions may be co-extensive over their com 
plete extent. 

The fold betWeen the sixth and seventh portions may be 
greater than 0° or less than 180° and preferably in the region 
of 90°. 

The fold betWeen the second and eighth portions may be 
greater than 0° or betWeen 180° and preferably in the region 
of 90°. 

The ?fth and sixth portions may be in the same plane as the 
?rst and second portions respectively and may include an 
edge from each portion that meet in a common region. 

The present invention also includes making a structural 
member by folding at least three portions about at least tWo 
folds such that the portions lie adjacent to each other to form 
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4 
a member that includes at least a part that is three portions in 
thickness. The present invention also includes a method of 
making a structural member by folding at least four portions 
about at least three folds such that the structural member is at 
least four portions thick over at least part of the extent of the 
member. 
Where tWo or more portions extend in the same direction, 

Whether or not they are co-extensive, they may be connected 
by one or more strengtheners such as a strengthener compris 
ing tape such as unidirectional tape. The strengthener may be 
arranged to be on the outside of the structural member. Alter 
natively, the strengthener may be arranged to be trapped 
betWeen tWo portions over at least part, and preferably its 
complete extent. 
The present invention also includes any tWo or more adja 

cent portions being connected together such as by fasteners 
such as by Z pin fasteners extending betWeen and possibly 
through the portions. 
The present invention also includes making the structural 

member by folding the portions from a ?at form such as 
rectangular or a square form. The method may comprise 
forming cuts in the ?at form Which cuts may be made prior to 
effecting the movement of the portions about a fold or folds. 
The method may comprise making the cuts by a Water jet or 
a knife. The method may comprise varying the siZe of the cuts 
in order to vary the siZe of any of the portions. The method 
may comprise making openings in the ?at form. 
The method may comprise forming the member from the 

?at form by causing the ?rst and second portions and possibly 
further portions to be folded about at least one fold Which 
passes or, When extended, Would pass through the centre line 
of the form. The method may comprise forming the ?rst and 
second portions and possibly further portions to be folded 
about a fold line Which passes or, When extended, passes 
through the centre of at least one side and preferably through 
the centre of opposed sides of the ?at form, for instance When 
the form is of rectangular shape. Alternatively or additionally, 
the method may comprise forming at least tWo of the portions 
by a fold line Which passes or, When extended, passes through 
at least one comer and preferably through opposed corners of 
the form, for instance When the ?at form is of rectangular 
shape. 
The present invention also includes selecting and making 

one of at least tWo possible shapes from a form and the 
method may comprise selecting a form having the same cuts 
and making one of at least tWo possible shapes from that form. 
The method may comprise cutting a form to make at least 

one and preferably tWo different shapes from the cut form. 
The method may comprise making tWo identical shapes from 
a cut form. The method may comprise cutting a form into tWo 
equal halves. The method may comprise cutting a form from 
side to side or comer to comer. 

The method may comprise forming spaced parallel folds. 
The method may comprise making the member With at 

least some, and preferably all of the portions integral With 
each other. 

It Will be appreciated that Where the term “fold” is used 
herein it is intended to cover an arc fold or a fold de?ned by 
tWo or more closely spaced parallel folds. One or more of the 
folds may be a valley fold and alternatively or additionally 
one or more of the folds may be a mountain fold. 

It Will be appreciated that portions may have an extent that 
is other than planar. 
The method may comprise making the form With continu 

ous ?bres Which may extend in a common direction. The 
method may comprise making the form With continuous or 
elongate ?bres that extend in different directions Which may 
















